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ST^rjS 9£P0Sa m research supwrteo by hasa grart S-4S 



Sir;ce the beginning of the grant period in 1980 we have obtained and 


studied x.L.i. spectra of the Herbig-Haro objects H-H 1, H-K 2H, H-H 26 and 
H-H 32 A. In order to obtain a better understanding of the physics of these 
intriguing objects and of the fcnnation of the ultraviolet cortinua and emission 
lines in H-H objects we have also obtained UV spectra of the Cohen-Schwartz 
star, the T Tauri star AS 353A anc of the reflection nebula NGC 1999 (whic*’ is 
illuminated by the young object V 380 Orionis). 


\ 

I. HERBIG-HARO OBJECTS I 

It is well known that the optical emission line spectra of Herbig-Haro 
(H-H) objects are formed in the recombination regions of shock waves (cf. 
Schwartz 1975, Bflhm, Siegmund and Schwartz 1976, Dopita 1978) and that 
H-H objects are clumps of matter which apparently have been ejected from 
certain T Tauri or other young stars (Herbig and Jones 1981) with velocities 
up to 350 km s~\ The shock velocities determined from the spectra (and 
corresponding possibly to the velocity of the object relative to the stellar 
wind) seem to be of the order of 85 km s ^ and less. 

(NASA-CR-lb93b7) IU£ oaSEfiVATiOhS Of h8J- 10997 

dERBlG-aAttO AND dcJLA'IED OBJECTS Status 
Report (Hdshiugtou Liniv.) 7 p HC hOZ/&t A01 

CSCL 03A UQClas 

G3/89 35525 


Th? problen wtncii we are studying ;n our research under grant NAG 45 is: 
Which additional information on the physizal conditions in H-H objects can 
be obtaineo by the st*jdy of their I.U. E. sj'ect»'a? When we started this 
investigation it was far frow clear whether the observation of any H-H object 
would be possible with I.'J.E. After all the brightest H-H objects have an 
apparent visual aagnitude of approxinately 16 only. Estiaates based on the 
shock wave theory had indicated that a few uv eaission lines night just be 
marginally detectable. It cane as a considerable surprise that the first I.U.E 
observations of H-H 1 using the SHP caaera (Crtolani and d'Odorico 1980) and 
using the LWR j.Td SHP caneras (Bbhai, B6hr!-Vitense and Brugel 1981) showed not 
only some strong er*issioo lines but also, in contradistinction to the optical 
range, a surprisingly strong ccntinuuni (or quasicor.tinuum) . Our further 
observations of the objects H-H ^H, H-ri 2G and H-H 32 K showed that these 
:»bjects had ultraviolet continua an emission lines similar to those of H-H 1 
(BOhm-Vitense, B5hm, Cardelli and Nemec 19S2, BOhm and BOhm-Vitense 1982b). 

It turned out that H-H 2H is the (so far) brightest H-H object in the uv though 
H-H 1 is brighter in the optical range. This is entirely compatible with 
the reddening and extinction determined from the optical data by the [S II] 
method (BOhm, Siegmund and Schwartz 1976, Brugel, BOhm and Kannery 1981b). 

The basic results of our I.U.E. observations of H-H objects are as follows 
All observed objects show a continuum flux which is strong and in genervil 

O 

rises towards shorter wavelengths at least down to x-o 1400 A. The behavior 
at shorter wavelengths than 1400 A is difficult to determine since the spectrum 
is noisy and unresolved and unidentified emission lines may contribute to 
our "continuum" measurements. (Brugel, Shull and Seab (1982) conclude from 
a 7 hour exposure that does begin to turn down towards shorter wavelengths 
near 1400 f\) . It is clear that the uv continuum is a continuation of the faint 



contimnv In the optical range (BOha, Schwartz and Siegaund 1974, BmgeU MNai 
and Hannery 1981a) which also shows an alaost aonotonic rise towards shorter 
waveler^gths. Optical (200-incn, MCSP) and I.U.E. photoaetry fit together 
rather well at least for H-HI (BOha, BOha-Vi tense and Brugel 1981) and H-H2H. 

Turning now to the emission line spectra we find the line fluxes from 
the higher ionization stages much stronger than expected (and than preiicted 
by the shock wave models «ihich explain the optical spectra). This is especially 
true for C IV \1 548/50 { which is observed to be about 200 times stitinger than 
predicted in H-H2H) and the blend of 0 IV and Si IV lines near 1400 A . 
Surprisingly it turns v>ut that also one of the low ionization lines, namely 
Mg II 2800 is stronger than predicted by any shock wave model though the 
discrepancy is by far not as large as for the high ionization lines ( B5hm- 
Vi tense, Bflhm, Cardelli and Neniec 1982). 

How can the ultraviolet continuum and the uv emission lines be explained? 

The main explanation for the continuum which nas been suggested so far attributes 
it to tne two-photon emission of hydrogen (Oopita, Binette and Schwartz 1982, 
Brugel, Shull and Scab 1932), If this explanation is correct must decrease 
snortward of X"- 1400 A . Brugel, Shull and Seab (1932) seem to have found such 
a decrease in F in the case of H-H2H. The situation is, however, complicated 
by the fact the continuum shows additional structure (e.g. a "jump" near x-v. 

1700 A“) and that the ratio of the uv continuum to Hb is larger than expected. 
Futhermore, there remains of course the problem how to explain the linear 
polanization which has been observed in the optical part of the continua of 
some H-H objects {cf. Schmidt and Miller 1979). In general, it seems that a 
promising explanation of the unexpected uv continuum of H-H objects may be 
“in sight" but a number of questions have to be answered before we can be certai;i 
about this explanation. 

The situation is very different with regard to the emission line spectrum. 



There have been no detailed suggestions yet on ho we could overcooe the 
appare.a discrepancy between the optical and uv e ssion line spectra. It 
does not seem possible to explain the ionization c icrepancy by the super* 
position of two or more shock waves. An "addition. " shock wave which explains 
the high ionization lines in the uv will also lead, a.g., to a strong [0 III] 

A 5007 line which contradicts the optical observatit-.s. We have recently 
studied the emission measure of the uv lines. (BOhro* Vi tense, B5hm, Cardelli 
and Nemec 1082). We find that they are practically the same as the emission 
measure determined from He. This makes it probable (though it does not prove) 
that uv and optical lines are formed in the same layer. 

Studies of the Cohen-Schwartz s tar and of AS-353A. The discovery by Herbig 
and Jcnes (1981) that the H-H objects H-HI and H*H2 must have been ejected from 
immediate environment ot the Cohen-Schwartz (C-S) star (Cohen and Schwartz 1979) 
gave us the idea to investigate the C-S star and its immediate environment with 
I.U.E. We found that the inmediate environment of the star, but not the C-S 
star itself, emits a continuuni which (under all reasonable assumptions about the 
interstellar reddening) increases even more steeply towards short wavelengths 
than in H-H objects (Bbhm and Bbhm-Vi tense 1982a). This discovery makes it 
very probable that the large reddening which was found for the C-S star must be 
generated very close to the star because a "dereddening" of the uv radiation 
based on the same E(B-V) would lead to implausibly high energy requirements 
for this radiation. 

We have started a similar study of the T Tauri star AS-353A which probably 
is the energy source of the H-H object H-H 32A. The reductions are still in 
progress . 

Inves t igation of the dust scattering in NGC 1999 . The optical continua of 



some H-H objects show linear polarization (which in one case, H-H 24A, is 
higher than 20S). It has been shown (Strom, Grasdalen and Strom 1974, Schmidt 
and Hiller 1979) that at least in some cases dust scattering must be important. 

In order to better assess the role of this mechanism we study the dust scatter- 
ing in NGC 1999 which is illuminated by the young object V 380 Orionis and 
which lies very close to H-Hl and H-H2. We hope that for these reasons the 
dust properties in NGC 1999 will be similar tc those in and near the H-H objects. 
Sc far we have obtained one SWP and one LWR spectrum at one place in NGC 1999. 

We are presently comparing these spectra to those of V 38C Orionis. 
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